1. Introduction
===============

The common cold is the most commonly encountered infectious syndrome of human beings. Most observers consider colds to include symptoms of rhinitis with variable degrees of pharyngitis, but the major associated symptoms include nasal stuffiness and discharge, sneezing, sore throat, cough and hoarse voice. Patients frequently report chills, but significant high temperature is unusual. Colds are usually self-limiting to previously healthy individuals, but there are also recognised complications such as secondary bacterial infections, exacerbations of asthma [@BIB1], chronic obstructive airways disease [@BIB2] and cystic fibrosis [@BIB3], [@BIB4], [@BIB5] despite the benign nature of the illness in the majority of cases, it is still a significant economic burden on society. It leads to an increase in consultations with clinicians, increased absence from school and work and subsequently causes loss of earnings.

Although the term "common cold" tends to imply that there is a single cause for the illness, it is, in fact, caused by anyone of a large number of antigenetically distinct viruses [(Table 1)](#TBL1){ref-type="table"} .Table 1Viruses associated with the common coldVirusPercentage of cases (%)Rhinovirus30--50Coronavirus10--15Influenza virus5--15Respiratory syncytial virus5Parainfluenza virus5Adenovirus\<5Metapneumovirus±2Undiscovered virus20--30

Different respiratory viruses utilise different routes of transmission [(Table 2)](#TBL2){ref-type="table"} . Rhinovirus and respiratory syncytial virus (RSV) are spread by direct hand contact with contaminated skin and environmental surfaces. This is followed by self-inoculation of virus into the nasal mucosa or conjunctiva [@BIB6]. Airborne transmission of rhinovirus is also possible, but this depends on the duration of exposure to infected individuals [@BIB7]. Transmission of parainfluenza virus (PIV) is by direct person-to-person contact or by large particle aerosol spread. The high rate of infection in childhood, coupled with the frequency of reinfection, suggests that they spread from person to person. There is evidence to suggest that the infectious dose of PIV is small, as two-thirds of volunteers developed flu-like symptoms following low-titre PIV intranasal challenge [@BIB8]. RSV is spread by infected respiratory secretions. The major route of transmission appears to be by large particle aerosol or direct contact with self-inoculation. Spread requires either close contact with the infected individual or contamination of the hands followed by introduction into conjunctiva. Influenza tends to spread by small-particle aerosols [@BIB9]. The relative efficacy of the various transmission routes under natural conditions for each virus is unknown.Table 2Characteristics of respiratory virusesMode of transmissionIncubation periodSeasonalityRhinovirusairborne/by large particle aerosol2--7 daysearly autumn/late springCoronaviruspossibly airborne2--4 dayswinter/early springInfluenzaairborne/by small-particle aerosol1--4 dayswinter/springRSVlarge-particle aerosol/direct contact with self-inoculation4--5 daysautumn to springPIVlarge-particle aerosol/direct contact with self-inoculation3--10 daysPIV1 and 2---autumn PIV3---throughout the yearAdenovirusairborne/direct contact with self-inoculation4--14 dayslate autumn/late spring

Many respiratory viruses exhibit a seasonal variation in incidence [(Table 2)](#TBL2){ref-type="table"}. The exact seasonal variation of each virus in the community is impossible to predict, but there are some generalisations that may be helpful to plan infection control strategies. For example, both RSV and influenza epidemics occur predominantly in the winter months, with a peak prevalence in January to March in the northern hemisphere. Parainfluenza virus type 3 (PIV3) infections tend to peak in spring time, whereas parainfluenza virus type 1 (PIV1) and parainfluenza virus type 2 (PIV2) are more common in autumn and early winter. Both rhinovirus and adenovirus may be isolated throughout the year.

Since the discovery of rhinovirus in 1956 [@BIB10], [@BIB11], more than 100 serotypes have been identified, the relative prevalence of which seems to vary between different geographical areas and also over the course of time [@BIB12]. These viruses are the most common cause of upper respiratory tract infections in all age groups. The reservoir for rhinovirus is schoolchildren, who transmit rhinovirus infections among their peers [@BIB13] and infect other family members at home [@BIB14].

Parainfluenza virus is the most common cause of croup (acute laryngotracheobronchitis) in young children and accounts for 5% of all causes of the common cold. The human parainfluenza viruses are categorised into types 1--4, on the basis of antigenic differences. They are transmitted from person to person by direct contact with infectious respiratory secretions or by large-particle aerosols. The incubation period is about 3--6 days. Bone marrow transplant recipients, children with bronchopulmonary dysplasia, prematurity, congenital heart disease or asthma are prone to develop lower respiratory infection and require additional oxygen supplementation [@BIB15], [@BIB16]. One-third of children with lower respiratory infection due to parainfluenza are thought to develop secondary bacterial infections [@BIB17].

Coronavirus accounts for 7--26% of all upper respiratory tract infections in adults [@BIB18], [@BIB19], [@BIB20]. An important feature of coronavirus infection is the short-lived immunity, resulting in a high reinfection rate [@BIB21]. The mode of transmission of coronavirus is most likely due to aerosol inhalation. However, it does not grow well at all in cell culture, and therefore, its virology is not fully appreciated. Recently, a novel coronavirus, SARS-associated coronavirus (SARS-CoV), has been proposed as the cause for the outbreak of severe acute respiratory syndrome (SARS) [@BIB22]. The virus induces symptoms of atypical pneumonia, clinically indistinguishable from similar syndromes. The severity is such that a 15% mortality rate has been reported. No treatment has yet been identified as reliably successful. Transmission is by droplet spread, requiring close contact. Stringent infection control precautions in health care institutions, broad isolation measures in affected communities and international surveillance with barrier restrictions to travel have led to termination of the epidemic. As of July 11, 2003, 8437 people in 32 countries had been affected, with 813 deaths reported [@BIB23].

Influenza virus infection accounts for 5--15% of common colds. Small-particle aerosol spread has been implicated in several outbreaks [@BIB24], and it can retain its infectivity for prolonged periods after aerosolisation in conditions under low humidity [@BIB25]. There are two features that distinct influenza from other respiratory viruses. First, influenza viruses are able to produce new strains for which most of the population lack immunity, leading to worldwide outbreaks. The unique feature of antigenic variation is referred to as antigenic shift or drift. Second, a recent outbreak in humans of the lethal H5N1 influenza subtype suggested that direct transmission between humans and infected birds without an intermediate host is possible [@BIB26]. This avian influenza subtype caused high mortality, killing 70--100% of chicken and also 6 humans [@BIB27]. There was also a high proportion of amino acid changes in all gene products within H5N1 influenza virus except the surface genes [@BIB28]; this provides further support for antigenic drift.

Respiratory syncytial virus (RSV) is a highly successful human pathogen; by 2 years of age, 95% of all children will have been infected [@BIB29]. It spreads from person to person or through exposure to contaminated environment surfaces. However, transmission via aerosolised droplets is unlikely because the virus is inactivated in aerosols. Incubation is from a few days to a week. Natural immunity to RSV is incomplete, and reinfection is the rule.

Adenoviruses were the first important respiratory viruses to be discovered by the tissue culture method [@BIB30]. There are many different serotypes, 47 of which are associated with human infections [@BIB31]. The incubation period is in the range of 4--7 days, but may be as long as 2 weeks [@BIB32]. It is thought to cause around 10% of all common colds in children [@BIB33], and it accounts for high mortality in neonates [@BIB32].

A new pneumovirus, human metapneumovirus (HMPV), has recently been isolated in the Netherlands [@BIB34]. It is closely related taxonomically to RSV [@BIB34]. This virus possibly accounts for about 10% of unexplained respiratory infections in children during the winter season. Seroprevalence studies show that the virus has been circulating in humans for at least 50 years, that 25% of children by age 1 year have antibodies to the virus and that by age 5 years virtually all are seropositive [@BIB34]. Analysis of the amplified sequences showed two clusters of HMPV [@BIB35]. The clinical manifestation of HMPV can vary from mild upper respiratory symptoms to severe infections requiring hospital admissions. This clinical picture is indistinguishable form that of other respiratory viruses. Coinfection of HMPV with other respiratory viruses is uncommon [@BIB36], and its role in human respiratory infections is still poorly understood. This new pathogen will certainly warrant long-term surveillance.

2. Pathogenesis
===============

Respiratory viruses characteristically differ from bacteria in that viruses have the ability to evade the protection offered by the mucociliary escalator and the host\'s non-immunologic mechanisms. In addition, the pathogenesis of respiratory viruses is not fully understood. This may be due to different viruses adopting different manners of infection and infecting different sites to cause variable degrees of damage to the respiratory tract lining.

Rhinovirus, the most important cold virus, accounting for 80% of all upper respiratory illnesses during autumn [@BIB37], commonly invades the upper respiratory tract with minimal nasal epithelial damage [@BIB38], whereas influenza mainly causes extensive damage to the lower airways [@BIB9]. Due to the prevalence of rhinovirus, most of the studies of common colds are based on this virus. The initial deposition of rhinovirus in the eyes and nose leads to attachment of the virus to host cell intercellular adhesion molecule-1 (ICAM-1) receptors at the back of the throat. Once inside the nasal epithelial cell, there is no significant increase in the number of inflammatory cells [@BIB39], but increases in neutrophils have been detected in nasal mucosa and secretions [@BIB40]. This may reflect the release of a cascade of inflammatory cytokines such as kinins, leukotrienes, histamines, interleukin-1, interleukin-6 interleukin-8, tumour necrosis factor and RANTES (regulated by activation normal T-cell expressed and secreted) [@BIB41], [@BIB42], which are partly responsible for the symptoms [@BIB43]. Levels of kinins, interleukin-1, interleukin-6 and interleukin-8 in nasal secretions have also been shown to correlate with the severity and duration of symptoms [@BIB42], [@BIB44], [@BIB45].

There are two distinct groups of coronaviruses that infect humans: HCoV-229E and HCoV-OC43. They are distinct from each other by the structural proteins as demonstrated by immunoelectrophoresis and enzyme-linked immunoabsorbant assay (ELISA), despite being similar in charges and molecular weights [@BIB46], [@BIB47]. HCoV-229E utilises human aminopeptidase N (hAPN) as a receptor to gain entry into the respiratory epithelium. hAPN is a 150-kDa zinc-binding protein with endopeptidase activity. In experimental studies, when human cell cultures are pretreated with monoclonal antibodies against hAPN, viral infection appears blocked [@BIB48]. However, HCoV-OC43 gains entry into the respiratory epithelium by using the two surface glycoproteins, Haemagglutinin-esterase (HE) and Spike (S) glycoproteins [@BIB49]. Despite their differences in pathogenesis, they both cause similar clinical manifestations [@BIB50]. Reinfection of coronavirus is common, though the underlying reason is not clearly defined. It may be due to infection with closely related but different strains [@BIB51] or to a reduction in immunity over time [@BIB21]. Volunteers who are seropositive to coronavirus prior to intranasal challenge are not completely protected from symptom development [@BIB52].

Influenza virus replicates throughout the respiratory tract, and it is recoverable from the upper and lower airways. However, it tends to cause more significant damage in the lower respiratory tract [@BIB53], [@BIB54]. Acute diffuse inflammation of the larynx, trachea and bronchi has been demonstrated during bronchoscopy of people with uncomplicated influenza infection [@BIB55]. Both the innate and cellular immune responses are heightened during infection. Proinflammatory cytokines such as interleukin-6 (IL-6) and interferon-α (IFN-α) are induced and are released from infected cells. They reach their peak levels 2 days following infection, which coincides with the most severe clinical symptom score, mucous production, fever and viral load [@BIB56]. Animals deficient in both CD4+ and CD8+ T lymphocytes succumb to severe influenza infection, indicating that an intact cellular immune system is necessary to restrict overwhelming infection [@BIB57].

RSV replicates primarily in the superficial layer of the respiratory epithelium [@BIB58], and it spreads from the upper to lower airways by aspiration of secretions via the respiratory epithelium. RSV infection causes significant damage to the epithelium and, more importantly, to the mucociliary escalator [@BIB59]. This inhibits the removal of mucous and cell debris, leading to occlusion of small bronchioles. Interferon plays a pivotal role in inhibiting viral replication, and RSV infection is notable for lack of local interferon production [@BIB60]. RSV induces the production of IL-5 and interferon-gamma. Their levels are especially depressed in infants compared to adults [@BIB61], and this may explain why 95% of children would have acquired RSV antibodies by the age of 2 [@BIB29].

Little is known about the pathophysiology of hMPV infection. However, similar to the related pneumovirus, human respiratory syncytial virus (RSV), hMPV appears to have a tropism for the respiratory epithelium. Experts in the field of pneumovirus infections agree that the pathophysiology of hMPV infection likely parallels that of RSV infection, including the absence of viraemia. hMPV has proven to be difficult to identify using commonly used clinical virologic procedures. It replicates slowly in primary cynomolgus monkey kidney cells and poorly in Vero cells and A549 cells (a human respiratory epithelial cell line). Other cell lines commonly used in viral diagnostic laboratories do not appear to support the replication of hMPV. Commercial reagents to confirm the presence of hMPV are not yet available. Currently, hMPV is not included in the routine surveillance programme of respiratory infections; therefore, research provides the only means for its detection [@BIB62].

The signal illness of PIV is croup (tracheobronchitis). It is manifested by fever, hoarseness and a barking cough in young children. Host immune response may play a role in its pathogenesis, as children who develop viral croup tend to produce a large amount of virus-specific IgE antibodies. This rise in IgE levels causes histamine release in the trachea and subglottic area, which, in turn, leads to swelling and obstruction of the upper airways [@BIB63].

The understanding of the pathogenesis of respiratory viruses has important implications for the development of therapies against common colds.

2.1. Diagnosis
--------------

The diagnosis of common colds is usually based on the patient\'s clinical presentation and the clinician\'s assessment of the disease. Sometimes, the diagnosis can be less straightforward for three reasons. First, clinical features of a common cold may overlap with those of pharyngitis and bronchitis, which are related syndromes of shared viral origins. To complicate matters, pharyngitis and sinusitis can also be caused by bacterial infections. Second, allergic diseases of the upper airway often have clinical features resembling those of common colds. Third, infants and young children are not able to express their symptoms, and clinicians have the challenge to distinguish between benign viral infections and severe invasive bacterial infections.

Some respiratory viruses have typical clinical presentations that may be helpful in assessing the aetiology of illness when considered in conjunction with epidemiological factors such as age and clinical presentation of the patient and seasonality. Sometimes, it is virtually impossible to ascertain a specific virus inducing the common cold in the individual patient on clinical grounds alone [@BIB9], [@BIB20]. Determination of the aetiology of virus infections becomes increasingly essential with the introduction of new antivirals. The optional use of these new therapeutic options is problematic because all these drugs are virus specific. Some therapies are initiated on the basis of a presumptive diagnosis; a specific diagnosis may be important to confirm the initial impression and to determine the length of time for treatment. Conversely, viral detection is important to avoid unnecessary antibiotic prescriptions. The principal laboratory methods of respiratory virus diagnosis rely on their detection in respiratory secretions.

Another important factor in respiratory viral diagnosis is to submit an appropriate sample for testing. Inadequate or improper specimen collection and transport account for the largest source of error in the accuracy of viral detection results [@BIB64]. Nasal swabs, nasopharyngeal aspirates and nasal wash specimens are generally considered to be the specimens of choice for the detection of respiratory viruses [@BIB65], [@BIB66], [@BIB67]. Obtaining an aspirate is unpleasant and requires the use of a suction device by a trained individual, which makes it unattractive in widespread clinical application. In contrast, the collection of a nasal swab is simple, painless and quick, and it does not require special equipment and skilled personnel. A recent prospective study showed that the sensitivity of nasal swabs was comparable to nasopharyngeal aspirates for the detection of all major respiratory viruses by tissue culture with the exception of RSV [@BIB68].

2.2. Tissue culture
-------------------

Isolation of viruses in tissue culture is the gold standard of virus detection. The processing of clinical specimens often starts with the addition of antibiotics and antifungals prior to inoculation into the appropriate cell lines. They are usually incubated at 33 °C and are observed daily for virus-induced effect (cytopathic effect, CPE). The three major tissue cell lines commonly used to isolate and identify respiratory viruses are primarily monkey kidney (sensitive to PIV and influenza), human fetal lung fibroblasts (sensitive to adenovirus and rhinovirus) and a continuous cell line, such as HEP-2 cells (sensitive to adenovirus and RSV) [@BIB69]. However, the slowness of tissue culture in viral detection makes it clinically impractical, especially when rapid diagnosis is required in order to initiate the appropriate therapy. Since there are more than 100 serotypes of rhinovirus [@BIB70], accurate diagnosis by such a method also becomes impossible and unreliable.

2.3. Antigen testing
--------------------

The major advantage of antigen detection in respiratory secretions by immunofluorescence assay (IFA) or enzyme-linked immunoabsorbent assay (ELISA) is that they can be performed rapidly and can provide results within 24 h of receiving the specimen in the laboratory. IFA can be divided into direct and indirect methods. Direct immunofluorescence utilises a fluorochrome-labelled antibody that is specific to viral proteins or antigens. It involves fixing the specimens containing viral materials onto a slide so that virus-specific monoclonal antibody labelled with the fluorochrome can bind to the antigen. Following the addition of a substrate, a colour change with the fluorochrome can be induced, which in turn can be detected by a fluorescence microscope. Indirect immunofluoroscence uses an unlabelled monoclonal antibody that binds to the viral antigen. It is then washed away, and any bound monoclonal antibody is detected with a labelled anti-mouse antibody. The use of multiple antibodies can, in theory, improve the sensitivity of the detection because multiple conjugate molecules can attach to virus-specific antibodies. ELISA is very similar to IFA; however, instead of using a fluorescent label, an enzyme label is used. This assay utilises a double antibody sandwich. A 'capture' antibody specific for the viral antigen being sought is bound to a reaction surface. When the specimen or viral antigen is added, it binds to the capture antibody. Bound antigen is detected by a second antiviral antibody, the 'detector' antibody. This detector antibody carries an enzyme label and, once bound, this enzyme produces a colour change. This colour change can be detected by photometry. The disadvantages of ELISA are that it is usually less sensitive and the reagents are only available for a limited number of viruses. In addition, adults tend to have lower viral titres in nasopharyngeal aspirates, making the sensitivity of this test understandably lower.

2.4. Serology (antibody detection)
----------------------------------

Serological assays are one of the oldest techniques of diagnostic virology, with detection of antibodies in patient sera being indicative of recent (IgM) or past (IgG) infection. They are now even more important when it comes to determining the immune status of an individual or to evaluating the immune response to vaccination. Serum is the specimen of choice for serological diagnosis and paired serum specimens 4 weeks apart are required for the diagnosis of current or recent viral infections. Demonstration of a seroconversion from a negative to a positive IgG antibody response or detection of the presence of virus-specific IgM can be diagnostic of primary viral infection. A fourfold increase in IgG titres between acute and convalescent sera (usually 4 weeks apart) may indicate a recent infection due to reinfection or reactivation; yet, such testing is retrospective and has little impact on a patient\'s immediate care. In addition, the result of serological tests for viral-specific antibodies must be interpreted with care for a number of reasons. First, there may be a delay or lack of production of serum antibodies, especially in the immunocompromised. Second, in recurrent infections, a significant rise in antibodies may not be apparent. Third, antibody levels can remain elevated for a long period of time following infection. Therefore, the clinical status of the patient has to be taken into account.

2.5. Molecular techniques
-------------------------

Molecular techniques utilise viral nucleic acid and antigen detection systems, which are fundamentally different from serological assays since they only detect a component of the organism itself, rather than demonstrating the evidence of its past presence. Therefore, in the case of nucleic acid detection, the integrity of the specimen itself is not so important, whereas in the case of tissue culture, the whole virus is often required. Respiratory viruses possess either RNA or DNA, but not both. It is, therefore, essential to know the structure of each individual virus in order to develop molecular techniques identifying nucleic acid.

Polymerase chain reaction (PCR) has dramatically altered the detection and characterisation of viral nucleic acids. It can identify target organisms from specimens with low concentrations of nuclear material in a matter of a few hours. For DNA viruses, PCR amplification is straightforward; the principle is demonstrated in [Fig. 1](#FIG1){ref-type="fig"} . However, for RNA viruses, the genome is too unstable to be used in PCR, and RNA has to be converted to complementary DNA (cDNA) using reverse transcriptase, a retroviral enzyme that makes a precise copy of the mRNA. PCR is then performed in the normal manner to amplify genomic material. Once DNA has been amplified, it can be detected on the basis of size by gel electrophoresis or by Southern blotting, where the resolved nucleic acids are transferred to a membrane and react with nucleic acid probes specific for the desired PCR product.Fig. 1Principles of PCR. (1) DNA melts at 94 °C. (2) As DNA reanneals at 68 °C; the primers bind to the template. (3) As the temperature is raised to 72 °C, the DNA undergoes polymerisation due to Taq polymerase. (4) The first cycle is complete. The two new DNA strands make up the template DNA for the next cycle, thus doubling the amount of DNA duplicated for each cycle.

Newer techniques in virus identification are nucleic acid sequence-based amplification (NASBA), as shown in [Fig. 2](#FIG2){ref-type="fig"} . It is an isothermic nucleic acid amplification method that amplifies RNA in a manner analogous to the amplification of DNA by PCR [@BIB71], [@BIB72]. The NASBA reaction mixture contains oligonucleotide primers and three enzymes: avian myelobastosis virus-reverse transcriptase (AMV-RT), RNase H and T7 RNA polymerase for target-specific amplification [@BIB73]. The process takes place at 41 °C and results in exponential amplification of products within 2 h, producing single-stranded RNA of opposite sense to the original target. Detection of NASBA products can be reported by using a probe-capture hybridisation and electrochemiluminescence (ECL) [@BIB71]. More recently, 'real-time' detection using molecular beacons has been described [@BIB74].Fig. 2Principles of NASBA. (1) Reverse transcriptase (RT) extends primer A along target RNA to form DNA--RNA hybrid. (2) RNase degrades the RNA portion of DNA--RNA molecule. (3) Primer B binds to single-stranded DNA (ssDNA). (4) RT extends primer B to form a double-stranded DNA (dsDNA). (5) dsDNA transcribed by T7 RNA polymerase to 50--1000 RNA transcripts. (6) Cycle to be repeated.

Molecular techniques have a number of advantages over 'conventional' methods currently utilised for respiratory viral detection. Traditional virus culture and serology analysis may require 1--2 weeks before results are available, and direct antigen detection can have variable sensitivity and specificity [@BIB75]. Molecular assays have particular advantages where the starting material available is acellular (swab) material or where surveillance samples that may have a low copy number of the target are to be analysed. Nucleic acid amplification has the potential to produce rapid turnover of results, allowing diagnostic virology to have an impact on patient management, avoiding the inappropriate prescription of antibiotics and allowing proper use of antivirals. A comparison between molecular techniques and 'conventional' methods in viral detection is shown in [Table 3](#TBL3){ref-type="table"} .Table 3A comparison of molecular probes with conventional methods for the detection of respiratory virusesCultureImmunofluorescenceELISAMolecular techniquesSpeed to produce result++++++++++Sensitivity+++++++++++Specificity+++++++++++Quantifiability+++++++++Ease of use++++++++

An advantage of the NASBA assay compared with PCR methods [@BIB76], [@BIB77] is the continuous isothermic process that does not require a thermocycler. A constant temperature throughout the amplification reaction enables each step of the reaction to amplify the targeted RNA or DNA exponentially. Thus, the NASBA reaction is more efficient than PCR methods that are restricted to binary increases per cycle [@BIB76], [@BIB77].

3. Prevention
=============

The existence of diverse viral serotypes in causing the common cold has made vaccine preparation very difficult. Frequent mutations of viral proteins of RNA viruses (for example, genetic drift and shift of influenza) have further hampered prevention of the illness.

Influenza vaccines are the only commercially available vaccines. They are virtually all split products or purified subunit vaccines being used around the world. The strains (either A or B) that are used in immunisation are selected yearly, based on the recommendation by the World Health Organisation in conjunction with national public health institutions. Recent vaccines contain antigens of two influenza A subtypes, strains of the currently circulating H3N2 and H1N1 subtypes and one influenza B virus. The waning of vaccine-induced immunity over time requires annual re-immunisation, even if the vaccine antigens are unchanged. The current recommendation for influenza vaccination in the UK is to offer it to those over the age of 65, those with chronic heart, respiratory or renal disease and those who are diabetic or immunosuppressed. The national policy also states that those living in long-stay residential and nursing homes should be prioritised for vaccination. Despite the wide availability of the vaccine against influenza A, it still causes 13,000--20,000 excess deaths per year in the UK [@BIB78].

Rhinovirus has more than 100 serotypes; it is unlikely that a unifying vaccine will be developed. However, the use of antivirals as chemoprophylaxis may have practical value. Topical application of interferon in the nose has been shown to be effective in reducing the incidence of colds in people who are exposed to others with a fresh cold [@BIB79]. This strategy reduced the overall risk of cold by 40% and almost eliminated proven rhinovirus colds in contacts.

The development of an RSV vaccine has been hampered by the experience with formalin-inactivated whole RSV vaccine in the 1960s, as it caused 80% of RSV vaccinees to become hospitalised compared with 5% of controls, as well as two fatalities [@BIB80]. Current major research has focused on a prophylaxis using a humanised mouse monoclonal antibody, Palizivumab, which has been shown to reduce the rate of RSV-associated hospitalisation in premature infants [@BIB81]. However, its use on a wider population will require further research.

There is currently no licensed Parainfluenza vaccine to date. The formalin-inactivated vaccine generated in the 1960s was not able to prevent PIV infection and was soon abandoned. At present, recombinant bovine PIV3 and human PIV3 attenuated vaccines are being evaluated in animal models as vectors for the delivery of other viral antigens such as RSV-G and RSV-F proteins. This bivalent vaccine combination provides a high level of resistance to challenge with PIV3 and RSV in animal models [@BIB82].

The conventional methods of vaccination are via the intramuscular and subcutaneous routes. Mucosal immunisation has recently been explored and represents an attractive manner of delivering vaccines. It is fast, simple and noninvasive, and it can be carried out by unskilled individuals. The use of mucosal vaccination seems logical in that most respiratory viral infections initially start at the mucosal sites. Therefore, inducing local immunity can help arrest the infection at an early phase before systemic complications arise.

Thus far, there has been inconclusive evidence to support the use of vitamin C and extracts of the plant Echinacea in common cold prevention. Daily supplementation with large doses of vitamin C does not seem to prevent common colds; however, there seems to be a modest (8--9%) reduction in the number of symptom days in individuals with established cold symptoms, with larger doses having a greater effect [@BIB83]. For Echinacea, currently available data from studies conducted in the adult population show positive findings both in the treatment and prevention of upper respiratory infection. However, variations in the design of the clinical trial and in Echinacea preparations have to be taken into account [@BIB84].

Zinc has been shown to possess antiviral properties in vitro, and different preparations of zinc have been proposed for the treatment of the common cold. Zinc lozenges appeared to have positive effects on adults, but negative effects on children in terms of duration and severity of common cold symptoms [@BIB85], [@BIB86]. Zinc nasal spray appears to reduce the total symptom score but has no effect on the duration of the common cold [@BIB87]. Recent research shows that zinc nasal gel can reduce the median time to cold resolution compared to placebo (4.3 days vs. 6.0 days; *p*=0.02) and decrease the median time to resolution of nasal congestion, nasal drainage, hoarseness and sore throat [@BIB88].

4. Treatment
============

There are, so far, no effective therapeutic options available to treat the common cold since so many viruses are involved in its aetiology. Recent studies have focused on three areas for treatment of the common cold: symptomatic management, pharmacological treatment and antiviral agents.

The most disturbing symptoms of the common cold are nasal discharge and stuffiness. Alpha agonists, either alone or in combination with a nonsteroidal anti-inflammatory drug, are effective in reducing nasal blockage and rhinorrhoea [@BIB89]. Nasal decongestants improve cold symptoms in adults and improve nasal patency in children; however, their side effects, such as rebound obstruction and nasal epithelial drying, have impeded their use [@BIB90]. First-generation antihistamines have shown favourable effects upon nasal symptoms in adult studies, probably because of their anticholinergic effects [@BIB91]. Topical application of ipratropium (an anticholinergic drug) at a moderate dose, which is minimally absorbed across biologic membranes, reduces rhinorrhoea and sneezing in colds [@BIB92]. The routine use of cough medications in healthy children and adults should pose no potential problem, but they should be used with caution in patients with chronic obstructive airway disease. Nonsteroidal anti-inflammatory drugs have been shown to reduce symptoms in rhinovirus infections [@BIB93] by reducing fever, headache, sore throat and cough. This may be because prostaglandins are amongst the inflammatory mediators responsible in the pathogenesis of rhinovirus colds. Intranasal interferon alone is not a practical treatment option for the common cold; however, when it is used in combination with ipratropium and a nonsteroidal anti-inflammatory drug, it can significantly reduce symptoms in experimental colds [@BIB94].

Amantadine has been the conventional antiviral against of influenza. However, it is strain-specific as it is only effective against influenza A and has common side effects, such as insomnia, poor concentration and irritability; it is now being replaced by newer agents such as zanamivir and oseltamivir. They are licensed for the treatment of influenza A and B. Early initiation of these therapies, i.e., within 48 hours of the onset of symptoms, can reduce the duration of common cold symptoms by 1--2 days [@BIB95], [@BIB96]. Zanamivir has a poor oral bioavailability, and intranasal application has been shown to be effective in treating experimental influenza infection with a reduction in symptoms caused, virus shedding and the development of otitis media [@BIB97].

Ribavarin, a synthetic guanosine nucleoside that has a broad spectrum of antiviral activity, has been approved for the treatment of RSV-related respiratory infection in children since 1986. It is the only approved therapy for lower respiratory tract disease caused by RSV [@BIB98]. Potential benefits of ribavarin therapy include the inhibition of RSV-specific IgE production in nasal secretions, which has been associated with the development of hypoxaemia and wheezing [@BIB99], and improved pulmonary function [@BIB100]. Controlled studies also show that the use of ribavarin is effective in reducing the clinical severity score, duration of mechanical ventilation, supplemental oxygen use and days of hospitalisation [@BIB101].

Although rhinovirus is the major cause of colds, its vast amount of serotypes has made development of antivirals against it problematic. Some 90% of rhinovirus serotypes gain entry into epithelial cells using ICAM-1 cellular receptors. Blockade of these receptors in experimental studies showed reduced infection severity [@BIB102], but further study is required before this treatment option becomes widely available.

Contrary to common belief, there is no evidence for the use of antibiotics in the treatment of colds. Inappropriate antibiotic use can induce significant side effects and increase colonisation with resistant organisms.

5. Conclusion
=============

The recent discovery of human metapneumovirus and the development of molecular techniques in viral detection represent an exciting time in the study of the common cold. Further research into host inflammatory response and the use of combination therapies may provide a long-term treatment option for this debilitating disease. In the meantime, we as clinicians will have to concentrate on patient education regarding vaccination and avoid unnecessary antibiotic prescription.
